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ABSTRACT

The Ganga River basin is one of the most populous river systems in the World. The river is of
high importance with an estimated 440 million people directly or indirectly depending on the
water that the Ganga and its tributaries provide for agriculture, drinking, hydropower
generation, and navigation and for ecosystem services. The perpetual population increase and
consequent water resources development has affected the river’s flow regime which, in turn,
has impacted the water availability, quality of water and thus, riverine ecosystems.

The availability of water has become an intriguing issue for irrigation systems, food security
and ecosystem health. The availability of freshwater has been recognized as a global issue, and
the reliable evaluation and quantification of it within the individual basin is necessary to bolster
the sustainable management of water. Moreover, the negative impacts of climate change have
been felt over wide range of spatial scales, ranging from small basins to large watersheds,
which can possibly be detrimental to the services that natural water systems provide to the
society. In addition, conflicts between increasing irrigated agricultural area, commercial crops,
shifting cultivation and ever increasing domestic and industrial demand has already been a
cause of tension in the society over water in the Ganga River basin, India. At present, with the
ongoing advancement of social economy and requirement of water, the water resources
shortage problem has worsened, and the operation of reservoirs, in terms of consumption of
flood water, has become significantly important.

Application of physical based hydrological modeling has become imperative for planning and
management of water resources. However, these models need to be calibrated and validated
before it can be used further for scenario generation and assessment of various watershed
management practices. In this study, a basin-scale hydrological model for the Ganga River

basin has been developed to simulate the various hydrological processes using the Soil and
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Water Assessment Tool model. Model validation using observed discharge series showed that
simulated results were consistent with the observed data in reproducing the seasonal dynamics
of surface water and suggest that the model is capable of reproducing the main hydrological
features of the Ganga River basin including the snow and glacier melt. The study indicated that
the annual average precipitation, net water yields and actual evapotranspiration of the whole
basin were 1,167.5 mm, 601.6 mm and 496.5 mm, respectively. However, there are large
variations in both temporal and spatial distribution of these components. Statistical methods
(the Mann-Kendall, the Spearman’s Rho, and the Student’s t) have been used for detecting
trends and gruesome change in streamflow simulated using SWAT model over the Ganga River
basin and its sub-basins. It has been found that although the streamflow from the snow fed
areas of the basin and also at the final outlet of the basin (taken at Farakka in the study) have
increased, whereas the stream flow in the lower reaches and the non-perennial tributaries have
declined significantly. This decline may be attributed to both anthropogenic activities and
exogenous changes. The study indicates that there has been a substantial reduction in overall
water resources availability with respect to Virgin scenario in the basin. This information sets
the yardstick to restoration of the hydrological and environmental health of the basin and can
lead to better management and planning of water resources under scarcity.

The assessment of climate upon the hydrologic response is crucial for decision-makers to
accomplish various adaptation strategies. While, the availability of finer scale projections from
regional climate models (RCM) has been a boon to study changing climate conditions, these
climate models are subjected to large number of uncertainties, which demands a careful
selection of an appropriate climate model, however. In an effort to account for these
uncertainties and select suitable climate models, a multi-criteria ranking approach is deployed
in this study. Ranking of CORDEX RCMs is done based on its ability to generate hydrologic

components of the basin, i.e., runoff simulations using SWAT model, by deploying Entropy



and PROMETHEE-2 methods. The spatial extent of changes in the different components of
hydrologic cycle is examined over the Ganga River basin, using the top three ranked RCMs,
for a period from January 2021 to December 2100. It is observed that for monsoon months
(June, July, August and September), future annual mean surface runoff will decrease
substantially (-50 % to - 10%), while the flows for post-monsoon months (October, November
and December) are projected to increase (10- 20 %). While, extremes are seen to be increasing
during the non-monsoon months, a substantial decrease in medium events is also highlighted.
The increase in wet extremes is majorly supplemented by the increased snowmelt runoff during
those months. Snowmelt is projected to increase during the months of November to March,
with the month of December witnessing 3-4 times increase in the flow. Base flow and recharge
are alarmingly decreasing over the basin.

For the development of sustainable water resource strategies, it is essential to establish
interaction between landuse changes and local hydrology through proper assessment.
Precisely, seeing how change in each LULC affects hydrologic regimes, or conversely
evaluating which LULC shall be appropriate for the local hydrological regime can help
decisionmakers to incorporate in the policy instruments. In this study, hydrologic regimes of
the Ganga River basin have been assessed with landuse change. Simulated streamflow was
compared at different gauge stations distributed across the Ganga River and its tributaries.
Urbanization has been the topmost contributor to the increase in surface runoff and water yield.
While increased irrigation demands were the dominant contributor to the water consumption
and also added to the increased evapotranspiration.

There is a need for the development of infrastructure and the necessity for the management of
available water resources in a sustainable and economic manner. Reservoirs are recognized as
one of the most efficient infrastructure components in integrated water resources management.

To achieve optimal reservoirs operating policies, a considerable amount of optimization and
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simulation models have been introduced in the course of recent years. Subsequently, the
assessment and estimation that is associated with the operation of reservoir stays conventional.
In the present study, the Soil and Water Assessment Tool models and a Genetic Algorithm
model has been employed to two reservoirs in Ganga River basin, India in order to obtain the
optimal reservoir operational policies. The rule curves that were estimated via random search
have been discovered to be consistent with that of demand requests. Thus, in the present case
study, on the basis of the generated result, it has been concluded that GA-derived optimal
reservoir operation rules are competitive and promising, and can be efficiently used.

Under climate change and pressure from human activities, extreme flood events are becoming
a significant concern. Methodologies to prevent loss of life and alleviating destruction and
damage from floods have changed appreciably in last few decades. The study involves setting
up a coupled hydroclimate-hydrodynamic models over the Ganga River basin by coupling the
CORDEX regional climate models to the physically based Soil Water Assessment Tool-based
hydrological model and MIKE 21C-based hydrodynamic model. The coupled model was
employed to explore the flood inundation and dynamics of sediment mobilization amid various
extreme events under future conditions. The water level, particularly for the 40-year return
period for the late century (2061-2100), is estimated to rise in the future (0.9—1.2m). Since
extreme streamflow has increased in the future, morphological transformations will also
aggravate. Moreover, during the extreme events, the peaks in shear stress and velocity profile
distribution have a propensity to coincide with the areas of the meander bend, implying that
the river meander processes govern the shifts in the dynamics of the sediment transport. Flood
risk management encompasses flood prevention with possibly strong countermeasures, but also
requires communities to learn to live with floods and stakeholders who live in flood-prone
areas in order to develop surviving strategies and subsequently enhance their resilience to

reduce the flood risk when they occur. The present study focusses on the impact of various
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alleviation strategy on the water level of the river. In the present study, various structural as
well as non- structural alleviation schemes for reducing the impact of the flood risk in the
Ganga River basin and its tributaries have been recommended. Based on the analysis, several
structural and non-structural measures are recommended that could be implemented to alleviate
river flood problems as well as urban flooding in the basin.

The present study offers a more reliable regional hydrologic impact assessment with
quantifications of future dramatic changes in different hydrological sub-system and its mass-
transfer, which will help in quantifying the changes in hydrological components in response to
climate change changes in the major basin Ganga, and shall provide the water managers with
substantive information, required to develop ameliorative strategies. The study could be an
important tool in quantifying the changes in hydrological components in response to changes
made in landuse, especially for basins undergoing rapid commercialization. The
recommendations suggested in the study could be helpful in guiding stakeholders and decision
makers in developing and employing sustainable flood management schemes to enhance flood
resilience. This shall provide substantive information to the decision makers required to

develop ameliorative strategies.

Keywords: Surface water modelling; SWAT; Ganga River basin; Hydrologic modelling; Trend
test; Landuse and Landcover (LULC) change; Urbanization; Climate change; Landuse change;
CORDEX; Regional Climate Models (RCM); reservoir operation, Genetic

Algorithm; Hydrodynamic; MIKE 21C
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